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ADVANCE CONWINENTIAL 2EPORT

DETERMIVATION OF THE STABILITY AND CONTROL CHARACTLRISTICS
OF A TAILLESS ALL-WING AIRPLANE MODEL WITH SWEEPBACK
IN THE LANGLEY FREE-FLIGHT TUNNEL

By John P, Campbell and Charles I. Seacord, Jr.
SUM TARY

An investigation to determine the power-off stability
and control characteristics of a tailless all-wing air-
plane model with sweepbaclk has bsen made in the Langley
free-flight tunnel. The results of the free-flight-
tunnel tests were correlated with results from force tests
made at high Reynolds numbers in order to estimate the
flying characteristics of the full-scale airplane.

The investigation consisted of force and flight tests
of a L,%-foot-span dynamic model. The effects of flap
deflection, center-of-gravity location, and addition of
vertical-tail area were determined.

The following conclusions were drawn from the results
of the investigation:; The full-scale airplane will
undergo a serious reduction in stick-fixed longitudinal
stability at high 1ift coefficients unless early wing-tip
stalling is eliminated, The directional stability of an
all-wing airplane without vertical tail surfaces will be
undesirably low. The effective dihedral of an airplane
of this type should be kept low. An elevon and rudder
control system similar to that used on this design should
provide sufficient control.

INTRODUCTION

The desire to obtain improved performance for mili-
tary airnlanes has recently increased the interest: in
tailless-airplane designs., One of the most promising
tailless designs, from the considdations of performance,
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1s the large all-wing alrplane or "flying wing." Irherent
in the all-wing airplane, however, are certain undesirsble
stability and control characteristics that must be elimi-
nated before this design can be considered satisfactory.
In order to study these stability and control character-
istics and to find means of improving them, an investil-
gation is belng conducted in the Langley free-flight
tunnel (designated FFT) of a free-flying dynamic model of
g tailless all-wing alrplane with sweepback.

T™e present report glves the results of force and
flight tests of the model with windmilling propellers.
Tests were made with the 1ift flaps retracted and
deflected. For some tests, auxiliary vertical taill sur-
faces were installed on the model. The effects of changes
in the center-of-gravity location and trim 1ift coeffi-
cient on tre flight characteristics of the model were
determined,

In order to estimate the flying characteristics of
the full-scale airnlane, the test results were correlated
with results of force tests of a similar design run at

righ Reynolds numbers in the Langley 19-foot pressure
tunnel (designated 1)-ft PT).

SYNMBOLS

The following symbols are used herein:
Cr, 1ift coefficient (Lift/qs)
Cp  drag coefficient (Drag/as)
Crm pitching-mement coefficlent (Pitching moment /qc3)
Cy rolling-moment coefficient (Rolling moment/qbS)
Cn vawing-moment coefficlent (Yawing moment/qbS)
Cy lateral-force coefficient (TLateral force/qs)
c chord, feet

T mean aerodynamic chord, feet

e
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wingz area, sgquare feet
wing span, feet

. 1 2
dynamic nressure, pounds per square foot EA
airspeed, feet per second
mass density of air, slugs per cubic foot
angle of sideslip, degrees

angle of vaw, degrees (for force-test data,
U= -p) .

sngle of attack, degrees

static margin, distance in chords from canter of
gravity to neuvtral -o’nt

helix angle generated by wing tip in roll, radians
rolling angular velocity, radians per ssascond

rate of change of golling-moment coefficient with
3,

s}e}
a(g_

rate of change of yawing-moment coefficient with
angle of sideslip, per degree (6Cn/bﬁ>

helix angle

rate of change of rolling-momnznt coefficient with
angle of sideslin, nor degree (éCz/bp)

flap deflection, degrees

elevon deflection, vpositive down, degrees (with
subscripts r and 1 to indicate rizht and
left elevon, resvectively)

rudder deflection, nositive down, degrees (with
subscripts r and 1 to indicate right and
left rudder, respectively; 1f both right and
left top rudéer svrfaces are d=flected
simultanecusly as longitudinal trim flaps, no
subscript is used) '
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APPLRATIS

The investigation was made in the Langley

free-

flight tunnel, which i1s described in reference 1. A
photograph of the test section of thse tunnel showing

the model in flight is presented in figure 1.

Force

tests to determine the static stabllity characteristics
were made in the Langlev free-flight tunnel with the

model mounted on the six-component balance, which is
described in reference 2.
The mass and dimensional characteristics of the

model are as follows:
Weight, mounds . . + + ¢ ¢ 4 o o s o o o o s o« « 255
Wing area, square feet . . . . .+ « « . . . 2.51
Span, feet v v v v v v v e e e e e e e e . . .3
Aspect TAtio v v v v v e e e e e e e e e e e . 7.3%6
Wing loading, nounds ner sguare foot . . . . . . . 1.02
Radius of gyration in roll, ky, foot . . . . . . 0.78
radius of gyration in niteh, ky, foot . . . . . 0.35
Radius of cyration in yvaw, kg, foot . . . 0.82
Mean aerodynamic chord, foot o« « « « o « « o« « o o 0.655
Sweepback of 0.25-chord line, degrees . . . . . . 22,00
Dihedral, degrees . o+ o« & « o o o« o o o 2 s+ o o« o « + 0
Taper ratio (ratio of tip chord to root chord) . . 0.25
Root chord, foot . . .+ v « « « o « « o o » o + « o 0.937
Tip chord, oot .+ . v ¢« v v « o v o o« . . . 0.23L
Elevon:

TYDPE ¢ v v o« o o . s e s s s 4 e e s . » Plain

Area, percent wing area . . . . ¢ + . . . . 5.40

Span, percent wing Svan . . . 4 .+ + « . . . . . 308,00
Rudder:

TYDE  « o« « « o « + o o o« o o o o o« « » o Split, dra

Area, percent Wing area . . « . « 4+ o + o+ & o 2.8

Span, percent wing span . . . « « o . . . 20.00
Vertical tails:

TYDE v+ « « o o o« « + « « o« s « « 7Twin center fins

Area, nmercent wing area . . . . « + . . . .00

Aspmect ratlo . ¢ L d s 4 e s e s e e e s . 2.00
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Airfoil section . . . . . . . . . . ., Modified NACA 103
Root, percent thickness . . . . +« ¢« . + v « « . . 21
Tip, percent thickness . . . + « + « ¢« &« + + . o 15

Geometric twist, degrees . . . « +« v v « 4 « o . . . . Db

Aerodynamic twist, degrees . . . . . . . . . (approx.) I

The component parts of the model are identified in
the tables and figures as follows:

WING o ¢ v 0 v v e e e e e e e e e e e e e e e e e W W
Propeller shaft housings . . . . . . . . . . . . . . . H
Propelleérs o v v v v « o + o 4 « o 4 4 4 s s+ 4 e« s+ . P
Vertical tails; two tails mounted on nacelles,

eaci tail having 2 percent of wing area . . . . . . V
Split flap (center-section 1lift flap, &p = 60°) . F

Combinations of these letters represent the combination
used in the tests., The standard configuration is desig-
nated WHP. A three-view drawing of tne model is
presented in figure 2. Photographs are given in figures 3
and Li. In plan form the wing has both sweepback and taper
and bhas a split flap that extends from the center line of
the airnlane to the inboard ends of the elevons., For all
flap-down tests, the flaps were deflected 60°,

T™e control surfaces consist of elevons that extend
from 0.552 to 0.712 and split rudders (fic. 5) that

extend from 0.712 to o.91§. The split rudder is

gso linked with the elevon that in flight tests the lower
surface of the rudder moves down with the downgolng elevon
and the upper surface moves up with the upgoing e¢levon.
This linkage arrangement provides additional effective
alleron- and elevator-control-surface area as shown in
figure 6.

The upper surfaces of the split rudders can be
deflected upward simultaneously to serve as trim flaps
to provide pitching moment for longitudinal trim when
the 1ift flap is deflected. The lower surfaces of the
split rudders remain at zero when the top surfaces are
deflected as trim flaps.

The controls of the model were operated in flight
by electromagnets in the same manner as described in

reference 1.
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Tor some tests vertical tail surfaces having a
comhined area of l: percent of the wing area were mounted
on the propeller-chaft housings to provide additional
directicnal stabllity. (See figs. 2 and l.)

Tor propeller-on tests the model was equipped with
two freely windmilling two-blade pusher propellers.

A modified NACA 103 airfoll wlth a thickness of
21 percent at the root and 15 percent at the tip was used
on the model. The trailing edge was reflexed enough to
give a slightly positive pitching moment at zero 1ift.
This airfoil was used to obtain a maximum 1ift coefficient
in the free-flight (low Reynolds number) tests more nearly
equal to that of a full-scale airplane than 1s possible to
obtain with other airfolils (especially low-drag airfoils)
at low Reynolds numbers.

The free-flight-tunnel model was almost identical
in nlan form to the model used in the tests at higher
Revynolds numbers in the Langley 19-foot pressure tunnel.
The models differed in airfoil section, geometric dihedral,
and ceometric twist, The airfoil sections of the model
tested in the Langley 19-foot pregsure tunnel were
NACA 65(318)-019 at the root and 65(318)-015 at the tip;
the seometric dihedral of this model was 2° compared
with 0° for the free-flight-tunnel model. The model used
in the langley 19-foot pressure tunnel had L° geometric
twist, whereas the free-flight-tunnel model had a geometric
twist of 60, The aerodynamic twist for both models,
however, was anproximately lC.

TESTS

Force tests were made to determine the stability and
control characteristics of the model with flaps retracted
and deflected. The moments were computed with the center
of gravity at 0.25 mean aerodynamic chord and are referred
to the stabllity axes. The stability axes are defined as
an orthogonal system of axes in which the Z-axis is in
the planec of symmetry and perpendicular to the relative
wind, the X-axis is in the plane of symmetry and perpen-
dicular to the Z-axis, and the Y-axis 1s perpendicular to
the plane of symmetry. The conditions in which force
tests were made are given 1in table I.



[ |
«

L ]

L

«

.

.
sqa s
et

=
>
Q
>
o8
O
=J
e
Q
.4
[]
t‘"
\JT «
ot
T
AN ¢
®
L ]
1}
[ §
 §
—Q

Flight tests were made at 1ift coefficients varying
from 0.2 to 0.8 with flaps retracted and from 0.6 to 1.1
with fleps deflected, The center-of-gravity positlion was
varied from 20 to 25 percent of the mean aerodynamic chord
for flight tests in both the flap-retracted and flap-
deflected condition, Table II gives the conditions for
which flight tests were made.

RESULTS AND DISCUSSION

In interpreting the results of the free-flight-tunnel
tests of the tallless all-wing model the following points
were considered:

(1) The tests were made at very low Reynolds numbers
(150,000 to %350,000); hence, the results of the tests of
a similar design made at high Reynolds numbers
(about 6,600,000) were used in estimating the flight
characteristics of the full-scale airplane from the free-
flicht-tunnel test results.

(2) The controls of the model were fixed except
during control applications; hence, no indicatlons of the
control-free stability of the design were obtained.

(%) Tn determining the control effectiveness of the
design, no consideration has been given to control forces.

(lt) No power was applied to the propellers during
the tests. The results, therefore, cannot be used to
predict power-on stability.

Longitudinal Stability

Force tests.- The results of force tests made to
determine the longitudinal stability and control charac-
teristics of the model are shown in figures 7 and 8. On
these figures, data from tests of the model of similar
plan form tested at high Reynolds numbers are also plotted.

The slope of the pitching-moment curve for the flap-
retracted condition of the free-flight-tunnel model
chanres from negative to positive with increasing 1ift
coefficient. This change in slope indicates a change to
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static longitudinal instablllity at high angles of attack.
This change 1in stability 1s characteristic of swept-back
wings hecause of the tendency of the wing tips to stall
first., The instability appears to be much preater for
the free-flight-tunnel model than for the similar model
tested at high Reynolds numbers. This difference is
probably explained by the fact that the difference in the
Reynolds numbers at the root and tip sections of this
design causes a much greater difference in stalling char-
acteristics on the small-scale model than on the model
tested at high Reynolds numbers.

For the flap-deflected condition (fig. 8), the
pitching-moment curves for the free-flight-tunnel model
were very similar in shape to those obtained with flaps
up but did not turn up at high 1lift coefficients as much
as the curves for the flap-retracted condition. The data
of figure 8 indicate that most of the change in shape of
the pitching-moment curve from flap up to flap down was
caused by the upward deflectlon of the trim flap. The
flap-deflected pitching-moment curve from high-scale tests
(fig. 8) indicates practically no change in longitudinsl
stability with increasing angle of attack.

The difference in the angles of zero 1ift indicated
in figures 7 and 8 for the two models is probably caused
by the difference in the location of the chord line from
which the angle of attack 1s measured. The difference in
the slopes of the 1ift curve is probahly a result of the
difference in the Reynolds numbers of the tests. Tt is
unlikely that these differences in 1ift characteristics
would cause appreciable differences in longitudinal flight
characteristics.

Flight tests.- The longitudinal stability as noted
in the free-flight-tunnel tests was satisfactory up to a
11ft coefficient of 0.7 with flaps retracted and 1.1 with
flaps deflected with the normal center-of-gravity location
(25 nercent M.A.C.). Above these values of 1ift coeffi-
clent, however, difficulty was experienced in flying the
model because of a tendency to nose up and stall after
disturbances in pitch, This bshavior was belleved to be
a direct result of the change in longitudinal stability
at high angles of attack, which was indicated in the
force-test results by the change in slope of the pitching-
moment curve, Although at times the pilot could prevent
the nosing-up motion by applying down-elevator control,

Saiam—
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the nosing-up tendency was considered a very objectionable
characteristic that would probably prove danperous for a
full-scale airplane. This nosing-up tendency should be
expected on any airvplane having pitching-morment character-
istics similar to those of the model. (See fig, 7.)

Tre longitudinal stability of the free-flight-tunnel
model vias satisfactory at those 1lift coefficients at which
the static margin h was 0.04 or greater (Cp = 0.7,
flaps retracied; C;, = 1.1, flaps deflected) and flights

were possible at conditions at which the static margin

was as low as 0,02, On the basis of the force-test
results it appears that the static longitudinal stability
of the correcnording airplane at hicl. angles ol attack
would be greater than that of the free-flisht-tunnel model.
The data cf figures 7 and 8 indicate that the alirplane
with the ncrmal center-of-gravity location would have a
static margin of 0.0l up to a 1lift coefficient of 1.0 with
flaps retracted and up to the stall with flaps deflected.
The stick-fixed longitudinal stability of this particular
airnlane design, therefore, would probably be satisfactory
for all power-off conditions except at high 1lift coeffi-
cients with flaps retracted.

Longitudinal Control

The force-test results presented in figures 7 and 8
indicate that the longitudinal control provided by the
elevons was sufficient to trim the model over the flight
rance for flap-retracted or-deflected condition with a
total elevon deflection of about 20°, Tnasmich as the
force-test results of the model tested at high Reynolds
numbers indlcate much more powerful elevon control than
was obtained with the model at low Reynolds numbers, it
is probable that the elevator control for the full-scale
airplane will be satisfactory in flight.

In the flight tests, the model could be trimmed over
the speed range with a total elevon deflection of about 205
For the flap-retracted condition, the upper surfaces of
the split rudders were deflected with the elevons for
longitudinal trim. Abrupt elevon deflecctions of *5° from
the trim setting provided adequate longitudinal control
for keeping the model flying for all stable conditions.
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On this design it is pessible that the most critical
conditicn for elevator control will be at talie-off.
mless careful attention is given to the location of the
landing gear, the elevons alone may not be powerful enough
to meet the Army requirements for zettino the nose wheel
off the rround at 80 percent of take-off eneed, TUse of
the trim flaps in conjunction with the elevons will help
provide enough longitudinal control to meet this
reguirement.,

Lateral Stanility

Force tests.,- The lateral stability characteristics
of the model as determined by force tests are shown in
fizures $ tc 11, The values of the effective-dihedral
parameter C;, and the directional-stability parameter C,

obtained for the different test conditlons from these
figures are plotted in figure 12 in the form of a stability
dilagram, The values of Cp, and CL5 for corresponding

conditions for the model tested at high Reynolds numbers
arc also presented in fipure 12.

The values of Cp, for the flap-retracted condition

at angles of attack of 0° and 6° are relatively low
(about 0,000%0)., Tnecreasing the angle of attack to 12°
with Ilaps retracted caused an increase in Ch to 0.00055.

This increase in ¢ with increase in 1ift coefficient is

Jnﬁ
characteristic of a swept-back wing.

The lower values of qu shown in figure 12 for the

model tested at high Reynoldg numbere aro attributed to the
lower drag of this model. For an all-wing tailless design
with low dihedral, the drag of the wing contributes a
ma jor nart of the static directional stability.

The values of clﬁ shown for the free-flight model

in figure 12 correspond to an effective dihedral angle
between 2© and [|°, The value of C;_  increased with
D

increasing 1ift coefficient as expected for the swept-
back wing, The higher values of C, for the model

tested at large Reynolds numbers is caused by the fact
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free-7light-tunnel model had 00 reometric dihedral.
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Plight tests.- The lateral stability characteristics
of the model noted in flight were fairly satisfactory
except for low directional stability in the flap-retracted
condition, This low directional stability was shown
principally by slow lightly damped yawing oscillations
that vere started by gust or conlrol disturbances. The
directional stability was not dangserously low, however,
Inasmuch as neither divergences nor unstable oscillations
were noted. The adverse yawing noted in flights in which
aileron control alone was used was guite small bhecause
the elevons were deflected upward torcther for longitu-
dinal trim and therecfore operated as "trimmed-up" ailerons,
which usually produce only small yawing moments.

Deflection of the flaps or addition of the vertical
tails caused noticeable improvement in the Gamping of the
yawing motion of the model, and the lateral stability
characteristics at these conditions were considered
generally satisfactory,

The effective dihedral of the wodel appeared to be
cgatisfactory, inasmuch as no exccssive rolling during
sideslip was noted and the lightly damped yawing oscil-
lations were accompanied by verw little rolling. Previous
free-fliglt-tunnel investigations have shown that, for an
airnlane with low directional stability, low effective
dihedral 1s necessary to aveid a soorly damped rolling
(Dutch roll) oscillation.

It is probable that the lateral stability character-
i1stics of a full-scale airplane of the design tested
would not be so good as those of the free-flight model
because the values of (Cp of a full-scale airplane will

probably be lower than those for the free-flight model.

At the higher 1ift coefficients, which could not be reached
in the free-flight-tunnel tests Lecause of longitudinal
instability, the requirements of the asirplane would be more
severs for dircctional stability and the airplane would
probably be considered unsatisfactory in this respect. In
order to secure s=atisfactory flyins characteristics with a
tailless all-wing airplane of this twpe, it appears
desirable to maintain a low valne of effective dihedral and
to supvlement the dircctional stability of the wing by
means of vertical tails or an automatic stabilizing device.

T
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Aileron control.- The gilsron control provided by
the elevons spncercd to be weal in the flight tests.
Abrupt elevon deflicecctions of £15© 4id not provide satis-
factory aileron contrcl in flight. Previous ree-flight-
tunnel toste have shown that, 1f aileron deflections
greater than *15° are required for sstlsfactory control
on a nodel, the allerons on the corresponding airplane
are likely to be¢ weak.

A better gquantitative indicstion of the wecakness of
the aileron contrcl was obtained in the force tests, the
results of which are prescnted in figures 13 and 1l and
wnich are summarized and compared in figure 15 with
results of tests at high Reynolds numbers. Computed
values of the hielix angle pb/2V produced at different
11ft coefficients by various elevon deflections are shown
in figure 15. The valuss of pb/2V were obtalned by
multiplying the force-test values of rolling-monent coef-
ficient by o.8/clp. (See reference %.) The high

Revnolds number data of figure 15 indicate that the
flving-qualities requirement for a minimum value of 0,07
for pb/2V is not met by this design at 1ift coefficients
above ahout 0. with *15° elevon deflection. The free-
flicht-tinrel force tests indicate even weaker alleron
control but this result is partly attributed to the low
Revnolds number of the tests, to the wing section used,
anl to tre initial reflex of the trailing edge of the
wing. The free-flipht-tunnel test results do indicate,
however, that linking the rudder surfaeces to move as
ailercns with the elevons provides a substantial improve-
ment in aileron control.

Tn order to obtain satisfactory aileron control with
elevon surfaces located well inboard of the tip as on this
design, larger-chord surfaces than those on the free-
flight-tunnel model should be used or the rudder surfaces
should be linked with the elevons in order to provide
greater effective elevon area.

Rudder control.- The split rudders on the model
provided sufficient yawing moments to balance out the
adverse yawing moments encountered in the flight tests
during aileron rolls. Inasmuch as the yawing moment s
caused by aileron deflection were small (fig. 1l;) because
of the initial upward deflection of the elevons for
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lonzitudinal trim; the- rofide® "Yadins moments only had to
ononse the adverse yawing moments caused by rolling. The
adverse yawing moments caused by rolling were apparently
small for the model, as indicated hy the small amount of
adverse yawing in flights with rudders fixed and elevons
alone used for control. These results indicate that the
ruidder control of this all-wing airplane should be adequate

during normal flight.

L3N AN
[

Usually the most severe requirement for rudder con-
trol of multiengine airplanes is that the rudder control
balance thre asymmetric yawing moments introduced by the
fallure of one engine during a full-power climb. Calcu-
latlons based on the force-test datz presented in figure 14
Indicate that, with rudders of the size and type used on
this desipn, an airplane of this type having a 150-foot
Span ani two 3000-horcsenower engines would meet the Army
requirements for maintaining steady flight with 10° or less
sideslip at 120 percent of the stalling speed with one
engine inoperative and the other engine operating at full
power.,

CONCLUSIONS

The following conclusions concerning the power-off
stability and control characteristics of large all-wing
tailless airplanes with sweepback were drawn from the
Langley free-flight-tunnel test results and from a corre-
lation of these results with results obtained from force
tests mace at high Reynolds numbers:

l. Stick-fixed longitudinal instability at high 1lift
coefficients,or at least a serious reduction in longitu-
dinal stability, should be expected for airplanes of this
type unless the premature stalling of the wing tips is
eliminated. The upward deflection of a trim flap at the
wing tip will reduce the tendency of the tips to stall
first and will thereby improve the longitudinal stability
at high 1ift coefficients.

2. The directional stabllity of this type of airplane
without vertical tail surfaces will be exXtrerely low,
Although the airplane will be flyable, it will probably
not be considered entirely satisfggtory because of the
tendency to sideslip to large angles following slight gust
or control disturbances,

N,
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3, The effective afhadrsl” of" 4l ditplhne of this
type should be kept low in order to minimize the amount
of rolling accompanying the lightly damped yawing oscil-
lations that are likelwv to be encountered.

li, An elevon and rudder control system similar to
that used on the model in these tests should provide
sufficient longitudinal and lateral control for an
airnlane of this type.

Langley Memorial Aeronautical Laboratory
National Advisory Conalttee for Acronautics
Langley Field, Va,
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TABLE I
FORCE-TEST CONDITIONS FOR TAILLESS ALL-WING AIRPLANE MODEL
IN THE LANGLEY FREE-FLIGHT TUNNEL
[ Configu- 5 &p 5
a v e b o
TesH ration 1 r 1gure
(deg) (deg) (a) (deg) [deg)i(@eg) Flgur
1|4 to 20 0 WHP 0 0| o 7
2 |- to 20 0 WHPF 0 o o 8
3 |l to 16 0 WHP -10 -10{-10 7
L j-l to 16 0 WHPF 0 -Lo|-Lo 8
51-L to 16 0 WHPF -10 -Lol-Lo 8
6 0 -30 to 30 WHP 0 0oy O 9
7 6 -30 to 30 WHP -10 0| © 9
gl 12 -30 to 30| WHP -20 ol o 9
9 8 -30 to 30 WHPF -10 -0 |-4o 10
10 6 -%0 to 30 WH PV -10 of 0O 11
11 6 -30 to 30 W -10 0| © 11
‘ -10
12| 0 to 12 0 WHP 0 O
o1 ‘ (Right only] 13
13| 0 to 12 0 WHP (Righ%oonly1 ol o 13
=20
| 0 to 12 0 WHP (Right only) ©Of © 13
1510 to 12] 0 WEP  |(gigntooniy) O © | 13
16| 0 to 12 0 WHP 0 0] 10 Uy
17| 0 to 12 0 WHP 0 ol-10 1
18| 0 to 12 0 WHP 0 0 [-20 i
19| 0 to 12 0 WHP 0 0| 20 1l
20| 0 to 12 0 WHP 0 0 20 16
21| 0 to 12 0 WHP 0 0 [tho 16
221 0 to 12 0 WHP 0 | 0 %60 16

aExplanation of configurations is given in section on

"pApparatus.”
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e 16

L ITABLE.ITC DS

FLICHT-TEST CﬁNDITIﬁNéuoﬁ'TA%LﬁﬁSé'ALﬁJ?iN@-AIRPLANE

MODEL IN LANGLEY FREE-FLIGHT TUNNEL

Lift coefficient Confi4:3ation Cente?;gggggivi?z‘é?gati;;
0.7 to 0,8 WHP 0.25
.6 WHPV .25
.6 WHPV .22
.5 WHPV .20
6 to 1,1 WHPVF .25
.6 to 1.1 WH PF .25
.7 WHPVE .22
.7 WY PVF .20
=

"Apnaratus."

Zxplanation of configurations given in section on

NATIONAL ADVISORY
CCMMITTEE FOR AERONAUTICS
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Right aileron control Right uryer rudder surface
{longitudinal trim flars S5 adds to slevon area

Left lower rudder surface
adds to elevon area

e

Right aileron and rudder control If rudder deflection is greater
flongitudinal trim flaps 0°) than elevon deflecticon, deflected
rudder surfaces are not moved by
elevons

Pight aileron control I
{longitudinal trim flaps -40°) ‘pper rudder surfaces deflect
with elevone only for elevorn
deflections greater than -4C°

S initial deflection-

-40°¢
for trim, -4C ol ‘H’r\/

Bight aileron and rudder control - For rudder deflectior,
(longltudina%aLrlm flaps -30°)

uprner
rudder surface deflects from
-40% trim flap reosition

When elevens are used as elevators,
the urrer rudder surfaces deflect

witii tite elevons NATIONAL ADV'SORY
COMMITTEE FOR AERONAUTICS

Figure €.- Fleven and rudder arrangerent used to obtair additinnal ailleron effectiveness.
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Figure 8. -Effect of angle of attack on the kteral
Stability characteristics of #e Langley 7rse ~Fght-7unne/
moae! of the tailless all-wing airplanc with Ssweesp-
back. Flaps retracted (WHP); dr =O°.
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Flgure /6.— Yawing moments produced
by right splrt-rudder doer/ecrrom on
rThe Langley Free-flighf-tunnel rmode/
of @ failless all-wing arrplane with

sweepback . | —






